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image, and delaying 1n accordance with the obtained printing
rate a start timing of a toner image forming by the toner image
forming section. The delaying section does not delay the start
timing of the present toner image forming by the toner image
forming section in the case where the when a printing rate of
image data for the preceding toner image forming and a
printing rate of image data for the present toner 1mage form-
ing are the same. In the case where the printing rates are
different from each other, the delaying section delays the start
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1
IMAGE FORMING APPARATUS

BACKGROUND OF THE INVENTION

1. The present invention relates to an 1image forming appa- 5
ratus. More particularly, 1t relates to a technique of forming a
toner image on an 1mage bearing member.

2. Description of the Related Art. Conventionally, 1n an
image forming apparatus disclosed 1n the Japanese Unexam-
ined Patent Publication No. 2005-164676, when a printing 10
rate (a ratio of dots bearing toner particles with respect to all
dots 1n print image data) of an 1mage on a recording sheet 1s
high, a time length after forming of a toner 1mage onto a
recording sheet until starting of the next toner image forming,
1s made long, thereby controlling a start timing of the next 15
toner image forming 1s controlled to be delayed. In this delay
control, when a printing rate 1s high, a delaying time 1n accor-
dance with the printing rate 1s read out from a predetermined
storing section. A time which 1s calculated by adding the read
delaying time to a default value 1s set to be the toner image 20
forming start timing for the next toner 1mage forming. In an
image forming apparatus adopting the electrophotographic
method, there has been a problem that intensity of a toner
image formed on a developing roller 1s lightened when toner
particles of a toner layer formed on a developing roller are 25
rapidly consumed. This 1s because conveyance of toner par-
ticles are delayed, and enough amounts of toner particles
cannot be supplied from a magnetic roller. However, the
image forming apparatus disclosed in the Japanese Unexam-
ined Patent Publication No. 2005-1646776 solves the above- 30
described problem by delaying an image forming to not to
lighten an intensity of a toner 1mage.

However, 1n the image forming apparatus disclosed 1n the
Japanese Unexamined Patent Publication No. 2003-164676,
waste of work has been generated 1n a processing requiring 35
calculation of a delaying time since the calculation of delay-
ing time 1n the above-described toner 1image forming is per-
formed each time when the printing rate 1s high.

SUMMARY OF THE INVENTION 40

The present invention has worked out 1n view of the points
described above, and 1ts object 1s to enable a delay control of
a toner 1mage forming with a simple processing.

The present invention includes an 1image forming apparatus 45
comprising: an 1image bearing member; an 1mage processing
section for processing raw 1mage data to generate image data
suitable for forming a toner image; a toner image forming
section for forming a toner image on the image bearing mem-
ber based on the 1image data generated by the 1image process- 50
ing section; and a delaying section for obtaining from the
image processing section a printing rate of the generated
image data, and delaying in accordance with the obtained
printing rate a start timing of a toner image forming by the
toner 1mage forming section. The delaying section modifies 55
the start timing of a present toner image forming by the toner
image forming section a predetermined delaying time when a
printing rate of 1mage data for the preceding toner image
forming and a printing rate of image data for the present toner
image forming are different from each other. The predeter- 60
mined delaying time 1s predetermined 1n accordance with a
printing rate of present image data.

According to the mvention, the delaying section modifies
the start timing of a present toner 1image forming by the toner
image forming section a predetermined delaying time, which 65
1s predetermined in accordance with a printing rate of present
toner 1image data, when a printing rate of 1mage data for the
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preceding toner 1mage forming and a printing rate of 1image
data for the present toner image forming are different from
cach other. Accordingly, the situation where a toner intensity
1s lightened due to a shortage of toner particles can be avoided
in an appropriate manner, thereby enabling an appropriate
image forming. Since the start timing of the present toner
image forming by the toner image forming section 1s modi-
fied only when the printing rates are different from each other,
no wastetul delaying time 1s spent for calculating the delaying,
time of the toner image forming each time when 1t 1s found
that the printing rate 1s high, unlike the delay control by the
conventional image forming apparatus. Therefore, the delay
control of a toner image forming can be realized with a simple
processing.

These and other objects, features, and advantages of the
present invention will become more apparent upon reading of
the following detailed description along with the accompa-
nied drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a side view schematically showing an internal
configuration of a copying machine which 1s an example of an
image forming apparatus according to an embodiment of the
present 1nvention.

FIG. 2 1s an explanatory diagram showing a detailed con-
figuration of a developing device by enlarging a part of FIG.
1.

FIG. 3 1s an explanatory diagram showing blocks of func-
tions realized by a controller.

FIG. 4 1s a flowchart showing an operation of the copying
machine.

FIG. 5 1s a diagram showing data which a delay controller
stores.

FIG. 6 1s a side view schematically showing an internal
configuration of a copying machine which 1s an example of an
image forming apparatus according to another embodiment
ol the present invention.

DETAILED DESCRIPTION OF THE PR.
EMBODIMENTS

(L]
=T

ERRED

Heremafiter, an embodiment of the present mvention waill
be described with reference to drawings. FI1G. 1 1s a side view
schematically showing an internal configuration of a complex
machine which 1s an example of an 1image forming apparatus
according to an embodiment of the present invention. A com-
plex machine 80 has functions such as a copying function, a
printer function, a scanner function, and a facsimile function.
The complex machine 80 includes a main body 2, a stack tray
3 provided 1n a left side portion of the main body 2, a docu-
ment reading section 5 provided on an upper portion of the
main body 2 and a document feeding section 6 provided 1n an
upper portion of the document reading section 5.

Further, 1in a front portion of the complex machine 80, there
1s provided an operating section 47. In the operating section
4’7, there are provided a start key 471, numerical keys 472, a
display portion 473, a reset key 474, a stop key 475 and a
function switching key 477. The start key 471 1s adapted for
allowing an operator to mput a printing instruction. The
numerical keys 472 are adapted for allowing an operator to
input the number of copies or the like. The display portion 473
1s adapted for displaying guide information of various copy-
ing operations and includes a liquid crystal display having a
touch-panel function for allowing an operator to mput the
various settings. The reset key 474 1s adapted for resetting
contents set through the display portion 473. The stop key 475
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1s adapted for suspending a printing (1mage forming) opera-
tion being 1n progress. The function switching key 477 1s
adapted for switching functions between a copying function,
a printer function, a scanner function and a facsimile function.

The document reading section 3 includes a scanner portion
51, a document holder 52 and a document reading slit 33. The
scanner portion 51 has a CCD (Charge Coupled Device)
sensor and an exposure lamp. The document holder 52 1s
constructed by a transparent member such as a glass. The
scanner portion 51 1s so constructed as to be movable by an
unillustrated driver. At the time of reading a document placed
on the document holder 52, the scanner portion 51 moves
along the document holder 52 1n an area facing a document
surface, and scans a document 1image to obtain 1mage data.
The image data obtained by scanning the document 1mage 1s
outputted to a controller 200. At the time of reading a docu-
ment fed by the document feeding section 6, the scanner
portion 51 moves to a position facing the document reading
slit 533, obtains 1image data of the document by reading an
image ol the document through the document reading slit 53
in synchronization with an operation of conveying the docu-
ment by the document feeding section 6, and then outputs the
image data to the controller 200.

The sheet feeding section 6 includes a document holding
portion 61, a document discharging portion 61a and a docu-
ment conveying mechanism 63. The document holding por-
tion 61 1s adapted for holding a document. The document
discharging portion 61a 1s adapted for discharging a docu-
ment whose 1mage 1s read out. The document conveying
mechanism 63 includes a sheet feeding roller (umillustrated)
and a conveying roller (unillustrated) for conveying docu-
ments placed on the document holding portion 61 one after
another to a position facing the document reading slit 53 and
discharging the documents to the document discharging por-
tion 61a. The document conveying mechanism 63 further
includes a sheet reversing mechanism (unillustrated) for
reversing the sides of a document and conveying again to the
position facing the document reading slit 33, thereby making,
it possible to read 1images of both sides of a document by the
scanner portion 51.

Further, the document feeding section 6 1s provided rotat-
ably on the main body 2 so that the front surface side of the
document feeding section 6 1s moved upward. By making the
upper surface of the document holder open by moving the
front surface side of the document feeding portion 6 upward,
an operator can place on the upper surface of the document
holder 52 a document which 1s to be read e.g. an opened book.

The main body 2 includes a plurality of sheet feeding
cassettes 461, sheet feeding rollers 101 and an 1mage forming
section 22. The sheet feeding rollers 101 are adapted for
taking out recording sheets one after another from the sheet
teeding cassettes 461 and conveying the recording sheets to
the image forming section 22. The image forming section 1s
adapted for forming a toner image on the recording sheet
conveyed from the sheet feeding cassette 461.

The 1mage forming section 22 includes an optical unit 42,
a developing portion 20, a transiferring roller 62, a fixing
portion 45 and conveying rollers 463, 464. The optical unit
irradiates a laser light to a photoconductive drum 350 based on
image data or the like obtained 1n the scanner portion 51. The
developing portion 20 1s adapted for forming a toner image on
the photoconductive drum 50. The transierring roller 62 1s
adapted for transferring a toner image formed on the photo-
conductive drum 50 to the recording sheet. The fixing portion
435 1s adapted for heating the recording sheet onto which the
toner image 1s transierred to {ix the toner image on the record-
ing sheet. The conveying rollers 463, 464 are provided 1n a
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sheet conveying passage in the image forming section 22 and
convey the recording sheet to the stack tray 3 or a discharging
tray 84.

Further, 1n the case of forming images on both sides of a
recording sheet, an 1image 1s formed on one side of the record-
ing sheet 1n the 1mage forming section 22, and thereaiter the
recording sheet 1s nipped by the conveying rollers 463 on the
side of the discharging tray 84. In this state, the conveying
rollers 463 are rotated backward to switch back the recording
sheet, and the recording sheet i1s sent to a sheet conveying
passage L and conveyed again to upstream area of the image
forming section 22. After an image 1s formed on other side of
the recording sheet by the 1mage forming section 22, the
recording sheet 1s discharged to the stack tray 3 or the dis-
charging tray 84.

FIG. 2 1s an explanatory diagram showing a detailed con-
figuration of the developing device 20 by enlarging a part of
FIG. 1.

The developing device 20 1s formed with a toner supplying
hole 37a and includes an agitating mixer 32 and a paddle
mixer 34, a magnetic roller 30, a restricting blade 38 and a
developing roller 10. The toner supplying hole 37a 1s adapted
for receiving toner particles supplied from a toner cartridge
(unillustrated). The agitating mixer 32 and the paddle mixer
34 are adapted for mixing and agitating toner particles and
carriers to charge the toner particles with electricity. The
magnetic roller 30 1s adapted for holding carriers on 1ts outer
surface to form a magnetic brush. The restricting blade 38 1s
provided in proximity to the magnetic roller 30 and 1s adapted
for controlling a thickness of the magnetic brush. The devel-
oping roller 10 1s supplied with toner particles from the mag-
netic brush whose thickness 1s controlled, and forms on its
outer surface a thin toner layer.

The magnetic roller 30 1includes a magnetic body inside.
When the magnetic roller 30 recerves a supply of developer
(toner and carrier) mixed and agitated by the agitating mixer
32 and the paddle mixer 34, 1t absorbs carrier particles on 1ts
outer surface by magnetic force of the magnetic body pro-
vided therein and makes toner particles accompanied on the
magnetic brush.

The restricting blade 38 forms a predetermined thickness
of the magnetic brush by trimming the magnetic brush.

On the other hand, the developing roller 10 1s applied with
a direct-current bias (referred to as “Vd1”’) by a direct-current
power source. On the other hand, the magnetic roller 30 1s
applied with a direct-current bias (referred to as “Vd2”) 1s
applied. In accordance with the potential difference Vd2-
Vdll between the direct-current bias Vd1l and the direct-
current bias Vd2, toner particles attached to the magnetic
brush formed on the magnetic roller 30 are transferred to the
developing roller 10. Accordingly, a thin toner layer 1s formed
on the peripheral surface of the developing roller 10.

Then, the developing roller 10 selectively makes toner
particles move from the thin toner layer formed on the outer
peripheral surface to an electrostatic latent image formed on
the facing photoconductive drum 350 (having a lower electric
potential than its periphery) so that a toner image 1s formed on
the photoconductive drum 50.

In the developing device 20, if toner images are formed
consecutively on the photoconductive drum 50 1n a short
period of time, toner particles of the thin toner layer formed
on the surface of the developing roller 10 are likely to be
consumed fast. Although toner particles are newly supplied to
the developing roller 10 during that time, a defect toner image
having a low intensity 1s formed on the photoconductive drum
50 11 a balance between a reduced amount and a newly sup-
plied amount 1s broken.
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With that, in the complex machine 80, a delay controller
220 (FIG. 3) controls a time between the start of the preceding
toner image forming and the start of the present toner image
forming long (in other words, delaying the start timing of the
present toner 1image forming). Accordingly, the number of 5
times at which the developing roller 10 form toner 1images on
the photoconductive drum 50 1n a unit of time 1s controlled,
and formation of a defect toner 1mage having a low intensity
1s avoided.

In the complex machine 80, the controller 200 changes a 10
cycle of operation of the 1mage forming section 22 1n accor-
dance with a delaying time determined by the delay controller
220. The controller 100, 1n synchronization with the changes
based on the delay control, changes conveyance mtervals of a
sheet conveying mechanism 300 conveying a recording sheet 15
to a toner 1mage transierring position of the photoconductive
drum 50.

It should be noted that a time period between a time point
when a leading end of a preceding recording sheet reaches the
toner 1mage transierring position of the photoconductive 20
drum 50 and a time point when a leading end of a next
recording sheet reaches the toner 1mage transierring position
of the photoconductive drum 50 1s referred to as a sheet
interval time.

It will be described specifically. Between the sheet feeding 25
roller 101 and the image forming section 22, there 1s provided
a registration roller 102. The registration roller 102 tempo-
rarily holds at its predetermined portion a recording sheet.
After synchronizing with operation of the image forming
section 22, the registration roller 102 starts conveying the 30
held recording sheet to the side of the image forming section
22. Accordingly, intervals of conveying the recording sheet 1s
changed and synchronized with the change of operation inter-
val of the image forming section 22.

Toner particles on the developing roller 10 are rapidly 35
consumed as a printing rate (a ratio of dots bearing toner
particles with respect to all dots 1n print image data) of a toner
image formed by the developing roller 10 1s high. Therefore,
in the complex machine 80, the delay controller 220 changes
a time 1nterval of the start timing of the present toner 1mage 40
forming and the start timing of the preceding toner image
torming (hereinafter, referred to as toner image forming inter-
val), and the above-described sheet interval time 1n accor-
dance with a printing rate. More specifically, since amount of
toner particles consumed at each 1image forming as a printing 45
rate 1s higher, the delay controller 220 makes the toner image
forming interval and the sheet mterval time longer 1n corre-
spondence with the consumed amount.

If the toner image forming 1nterval and the sheet interval
time becomes long, a time for completing a next image form- 50
ing after an 1image 1s formed becomes long. In the complex
machine 80, the delay controller 220 delays image forming by
making the toner image forming interval and the sheet inter-
val time long. Accordingly, during the delayed period, a nec-
essary amount of toner particles for forming the next toner 55
image forming can be supplied to the developing roller 10.

FIG. 3 1s an explanatory diagram showing blocks of func-
tions realized by a controller 200.

The controller 200 controls operations of the image form-
ing section 22 and the sheet conveying mechanism 300 to 60
make respective portions perform an image forming. The
controller includes an 1mage processing section 210 and the
delay controller 220.

The image processing section 210 performs an 1mage pro-
cessing of converting print object data (raw data) to data 65
suitable for a toner 1mage forming. The 1mage processing
section 210 calculates a printing rate of an 1mage to be

6

printed. The image processing section 210 transmits calcu-
lated printing information to the delay controller 220. For
example, the 1mage processing section 210 specifies a print-
ing rate by finding out a ratio of the number of dots to carry
toner particles with respect to all dots regarding 1image data to
be printed.

The delay controller 220 determines the toner image form-
ing interval and the sheet interval time based on a printing rate
calculated by the image processing section 210. When the
delay controller 220 determines the toner image forming
interval and the sheet interval time, the controller 200 controls
a control signal which 1s transmitted to the 1image forming
section 22 and the sheet conveying mechanism 300 based on
the determined toner 1image forming interval and the sheet
interval time. Accordingly, the image forming section 22 and
the recording sheet conveying mechanism 300 performs
image forming with the determined toner image forming
interval and the sheet interval time.

Hereinatter, how the delay controller 220 determines the
sheet interval time will be described 1n detail with reference to

FIGS. 4 and 5.

FIG. 4 1s a flowchart showing an operation of the complex
machine 80. The processing shown 1n FI1G. 4 1s performed, for
example, when a printing operation 1s consecutively per-
formed in the complex machine 80 (for example, 1n a case
where printing 1s performed to a plurality of recording sheets
in a period of time shorter than 5.0 seconds).

In Step S1, the image processing section 210 calculates a
printing rate of an 1mage to be printed next.

In Step S2, based on the printing rate calculated 1n Step S1,
the delay controller 220 determines whether or not the print-
ing rate 1s changed. More specifically, the delay controller
220 compares with a printing rate of a past image printed on
a recording sheet last time, and determines whether or not a
printing rate of a present image to be printed next 1s changed.

In the case where the printing rates are changing (Step S2:
YES), the delay controller 220 performs a control to delay a
toner image forming 1n Step S4.

FIG. 51s adiagram showing data which the delay controller
220 stores. The delay controller 220 stores contents of the
table shown 1n FIG. 5. In Step S4 1n FIG. 4, the delay con-
troller 220 determines a start timing of the present toner
image forming based on the contents of the table.

Specifically, the delay controller 220 delays the start timing
of the present toner 1image forming by the image forming
section 22 a delaying time stored 1n correspondence with a
printing rate of an 1image to be formed in the present toner
image forming by the image forming section 22. In other
words, for example, when a printing rate which 1s calculated
by the image processing section 210 1n S1 of an 1mage to be
formed 1n the present toner 1image forming 1s 45%, the delay
controller 220 delays 500 msecs the start timing of the present
toner 1mage forming by the 1image forming section 22 since
the delaying time stored 1n correspondence with the printing
rate ot 45% 1s 500 (msecs). In other words, the delay control-
ler 220 makes only 500 msecs longer the interval (time)
between the start timing of the toner image forming 1n the past
printing (previous printing) and the start timing of the present
toner 1mage forming by the image forming section 22.
Accordingly, in the present printing performed next, accord-
ing to the above-described delay, suilficient time for supplying
necessary amount of toner particles for the present toner
image forming 1s secured so that printing deficiency due to
light toner can be prevented. Then, at the time of the next
printing after the image forming 1s completed, the routine
goes back to Step S1 and the same processing 1s repeated.
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As shown 1n the table in FIG. 5, 1n the case where the
printing rates are different, the delay controller 220 delays the
start timing of a toner image forming when a printing rate of
image data used for the present toner 1mage forming by the
image forming section 22 1s a predetermined high printing
rate.

Onthe other hand, in Step S2, if a printing rate of a previous
image printed last time 1s the same as a printing rate of an
image to be printed next (Step S2: NO), the delay controller
220 detects 1n Step S3 how many recording sheets are printed
consecutively with that printing rate at the time when the
previous printing 1s completed, and determines whether or
not the number of sheets 1s more than the predetermined
number of sheets.

In other words, as shown 1n FIG. 5, the delay controller 220
stores the predetermined number of sheets 1n correspondence
with printing rates. The delay controller 220 performs the
alorementioned determination by using the predetermined
number of sheets stored 1n correspondence with a printing,
rate (same as the printing rate of the previous image) of the
present 1mage to be printed next.

Then, according to the result of the determination, 1f it 1s
over the predetermined number of sheets (Step S3: YES), the
delay controller 220 reads out a delaying time corresponding
to a printing rate of the present image from the table 1n FIG.
5 which the delay controller 220 stores, and delays the start
timing of the present toner image forming by the image form-
ing section 22 with the read delaying time (Step S4).

On the other hand, 1t 1t 1s not over the predetermined
number of sheets (Step S3: NO), the delay controller 220 does
not delay the start timing of the present toner image forming,
by the 1image forming section. Thereafter, the routine goes
back to Step S1.

In the case where the printing rates are equal as described
above, the delay controller 220 delays the start timing of a
toner 1mage forming when a printing rate of image data used
for the present toner 1mage forming by the image forming
section 22 1s the predetermined high printing rate as shown 1n
the table 1n FI1G. 5, and the number of sheets printed consecu-
tively at the printing rate 1s over the predetermined number of
sheets stored 1n correspondence with the printing rate.

Further, in S2, the delay controller 220 performs the deter-
mination of whether or not the printing rates in the previous
image forming and the present image forming 1s changed by
comparing directly with the values of the printing rates. How-
ever, mnstead of the processing, the delay controller 220 may
determine that the printing rates are the same when the image
forming section 22 performs 1image forming consecutively
based on the same 1mage data processed in the 1mage pro-
cessing section. Further, the delay controller 220 may deter-
mine that the printing rates are different from each other when
the 1mage forming section 22 does not performed image
forming consecutively based on the same image data pro-
cessed 1n the 1image processing section 210. In other words, 1n
the case where the 1mage forming section 22 consecutively
performs printing to a plurality of recording sheet based on
the same 1mage data, the delay controller 220 determines that
the printing rates are equal, and does not perform direct
comparison of the values of the printing rates.

Hereinatter, another embodiment will be described.

The above-described complex machine 80 1s so con-
structed as to form a monochromatic image. However, the
present invention may be applied to an 1image forming appa-
ratus for forming a color image. FIG. 6 1s a view schemati-
cally showing a color complex machine 81 according to
another embodiment of the present mvention. As shown 1n
FIG. 6, the color complex machine 81 includes a plurality of
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image forming mechanisms 40 for respective colors neces-
sary for forming a color image. Each image forming mecha-
nism 40 1ncludes a photoconductive drum 50, a developing
portion 20 and a transferring roller 62. The 1mage forming
mechanisms 40 for respective colors are controlled by a con-
troller 200 having the same construction as the complex
machine 80.

In the complex machine 81, the delay controller 220 per-
forms the same processing shown 1n FIG. 4. However, when
in the case where printing rates of a toner image forming
mechanism 40 showing the highest value of a printing rate in
the preceding (previous) toner image forming and a toner
image forming mechanism 40 showing the highest value of a
printing rate 1n the present toner image forming among the
toner image forming mechanisms 40 for respective colors are
equal, the delay controller 220 does not delay the start timing
of the present toner image forming by the toner image form-
ing mechanisms 40 for respective colors. When the printing
rates are different from each other, the delaying section 220
delays the start timing of the present toner image forming by
the toner 1mage forming sections 40 for respective colors a
predetermined delaying time. The predetermined delaying
time 1s predetermined in accordance with the table shown in
FIG. 5.

Further, 1n the complex machine 81, even 1n the case where
printing rates of a toner image forming section 40 showing the
highest value of a printing rate 1n the preceding toner image
forming and a toner image forming section 40 showing the
highest value of a printing rate in the present toner image
forming among the toner image forming sections 40 for
respective colors are equal, the delay controller 220 delays the
start timing of the present toner forming a predetermined
delaying time when the toner image forming by the toner
image forming sections 40 1s preformed more than the pre-
determined numbers of times. The predetermined delaying
time 1s predetermined in accordance with the table shown in
FIG. § for the printing rate showing the highest value of a
printing in the present toner image forming.

Further, in S2 of FIG. 4, the delay controller 220 may
determine that the printing rates are equal when the toner
image forming sections 40 for respective colors form 1mages
based on the same 1mage data generated in the 1image pro-
cessing section 210, or may determine that the printing rates
are not equal when the 1image forming section 22 does not
form 1mages consecutively based on the same image data
generated 1 the 1mage processing section 210. In other
words, 1n the case where the image forming sections 40 for
respective colors perform printings consecutively to a plural-
ity of recording sheets based on the same 1mage data, the
delay controller 220 determines that the printing rates are
equal, and does not performs direct comparison of the values
of the printing rates.

In this complex machine 81, when the delay controller
determines delaying time 1n a manner as described above, the
controller 200 controls a control signal which 1s transmitted
to the 1image forming section 22 and the conveying mecha-
nism 201 including the conveying roller 112 and 1ts driving
mechanism 1n such a manner that the toner 1mage forming
interval and the sheet interval time becomes the ones based on
the determined delaying time. Accordingly, the 1mage form-
ing section 40 and the sheet conveying mechanism 301 per-
forms an 1mage forming with the determined toner image
forming interval and the sheet interval.

The complex machine 81 includes the image forming sec-
tion 40 for respective colors each having the photoconductive
drum 50, the developing section 20 and the transferring roller
62. However, the present invention may be applied to a color




US 7,613,409 B2

9

printing complex machine performing a color image pro-
vided with a single photoconductive drum around which the
developing sections 20 and the transferring rollers 62 for
respective colors are positioned.

Further, the present invention 1s not limited to the case of
applying 1t to a complex machine as described above. It may
be applied to various kinds of 1image forming apparatuses
such as a facsimile machine, a printing device and a complex
machine.

Specifically, the present invention includes an image form-
Ing apparatus comprising: an image bearing member; an
image processing section for processing raw 1mage data to
generate 1mage data suitable for forming a toner image; a
toner image forming section for forming a toner image on the
image bearing member based on the toner image data gener-
ated by the 1mage processing section; and a delaying section
for obtaining from the 1mage processing section a printing
rate of the generated 1image data, and delaying in accordance
with the obtained printing rate a start timing of a toner image
forming by the toner image forming section. The delaying
section modifies the start timing of a present toner 1image
forming by the toner 1mage forming section a predetermined
delaying time when a printing rate of 1mage data for the
preceding toner image forming and a printing rate of 1image
data for the present toner image forming are different from
cach other, the predetermined delaying time being predeter-
mined in accordance with a printing rate of present 1image
data.

According to the invention, the delaying section modifies
the start timing of a present toner 1image forming by the toner
image forming section a predetermined delaying time, which
1s predetermined 1in accordance with a printing rate of present
toner 1image data, when a printing rate of 1mage data for the
preceding toner image forming and a printing rate of 1image
data for the present toner image forming are different from
cach other. Accordingly, the situation where a toner intensity
1s lightened due to a shortage of toner particles can be avoided
in an appropriate manner, thereby enabling an appropriate
image forming. Since the start timing of the present toner
image forming by the toner 1image forming section 1s modi-
fied only when the printing rates are different from each other,
no wasteful delaying time 1s spent for calculating the delaying
time of the toner 1mage forming each time when it 1s found
that the printing rate 1s high, unlike the delay control by the
conventional image forming apparatus. Therefore, the delay
control of a toner image forming can be realized with a simple
processing.

Further, according to the present mvention, in the case
where a printing rate of 1image data for the preceding toner
image forming and a printing rate of 1mage data for the
present toner image forming are equal, the delaying section
does not delay the start timing of the present toner image
forming by the toner image forming section when a toner
image forming by the toner image forming section 1s per-
tormed consecutively for the predetermined numbers of times
or lower. The delaying section delays the start timing of the
present toner image forming a predetermined delaying time
when a toner image forming by the toner image forming
section 1s performed consecutively for more than the prede-
termined numbers of times, the predetermined delaying time
being predetermined 1n accordance with a printing rate of
image data for the present toner image forming.

According to the invention, even 1n the case where a print-
ing rate of image data used 1n the previous toner image form-
ing and a printing rate ol image data used 1n the present toner
image forming are equal, the delaying section delays the start
timing of the present toner image forming when a toner image

5

10

15

20

25

30

35

40

45

50

55

60

65

10

forming by the toner image forming section 1s performed
consecutively for more than the predetermined numbers of
times. Accordingly, a situation where a toner intensity 1s
lowered due to a shortage of toner particles can be prevented
assuredly.

Further, according to the present mmvention, in the case
where a printing rate ol image data for the present toner image
forming 1s a predetermined high printing rate, the delaying
section performs the delaying process of the start timing of
the toner 1image forming when the printing rates are equal.

Further, according to the present imvention, in the case
where the printing rates are different from each other, the
delaying section delays the start timing of the present toner
image forming when a printing rate of 1mage data for the
present toner image forming 1s the predetermined high print-
Ing rate.

Further, according to the present invention, the delaying
section determines that the printing rates are equal when the
toner image forming section forms toner images on the image
bearing member consecutively based on the same image data
generated 1n the 1mage processing section.

Further, according to the present invention, the image
forming apparatus further comprises a conveying section for
conveying a recording sheet to a toner 1mage transferring
position where the toner image 1s transferred from the image
bearing member, wherein; 1n the case where the start timing
of the toner 1mage forming by the toner 1mage forming sec-
tion 1s delayed, the delaying section delays, in accordance
with the delaying time, a timing of conveying the toner image
to the toner 1mage transferring position by the conveying
section.

According to the ivention, 1n accordance with a delay 1n
toner 1image forming by delaying section, a conveyance of a
recording sheet by the conveying section 1s delayed. Accord-
ingly, even in the case where the toner image forming is
delayed, an image can be formed assuredly on a recording
sheet.

Further, according to the present invention, the image
forming apparatus further comprises a plurality of toner
image forming sections for respective colors for a color print-
ing, wherein; in the case where printing rates of a toner image
forming section showing the highest value of a printing rate 1n
the preceding toner image forming and a toner image forming
section showing the highest value of a printing rate in the
present toner image forming among the toner image forming
sections for respective colors are different from each other,
the delaying section delays the start timing of the present
toner 1mage forming by the toner image forming sections for
respective colors a predetermined delaying time, the prede-
termined delaying time being predetermined in accordance
with the printing rate showing the highest value of a printing
rate in the present toner image forming.

Further, according to the present invention, the image
forming apparatus further comprises a plurality of toner
image forming sections for respective colors for a color print-
ing, wherein; 1n the case where printing rates of a toner image
forming section showing the highest value of a printing rate 1n
the preceding toner image forming and a toner image forming
section showing the highest value of a printing rate 1n the
present toner image forming among the toner image forming
sections for respective colors are equal, the delaying section
does not delay the start timing of the present toner image
forming by the toner 1mage forming sections for respective
colors when the toner image forming by the toner image
forming sections 1s performed consecutively for the predeter-
mined numbers of times or lower; and the delaying section
delays the start timing of the present toner image forming by
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the toner 1image forming sections a predetermined delaying
time when the toner image forming by the toner image form-
ing sections 1s performed more than the predetermined num-
bers of times, the predetermined delaying time being prede-
termined 1n accordance with the printing rate showing the
highest value of a printing rate 1n the present toner image
forming.

Further, according to the present invention, the delaying
section determines that the printing rates are equal when the
toner 1mage forming sections for respective colors form
images on the image bearing member consecutively based on
the same 1image data generated 1n the 1mage processing sec-
tion.

This application 1s based on Japanese Patent application
serial No. 2006-125948 filed in Japan Patent Oflice on Apr.
28, 2006, the contents of which are hereby incorporated by
reference.

Although the present invention has been fully described by
way ol example with reference to the accompanying draw-
ings, 1t 1s to be understood that various changes and modifi-
cations will be apparent to those skilled in the art. Therefore,
unless otherwise such changes and modifications depart from
the scope of the present invention hereinafter defined, they
should be construed as being included therein.

What 1s claimed 1s:

1. An image forming apparatus comprising:

an 1mage bearing member;

an 1mage processing section for processing raw image data
to generate 1mage data suitable for forming a toner
1mage;

a toner image forming section for forming a toner 1mage on
the image bearing member based on the toner image data
generated by the image processing section; and

a delaying section for obtaining from the image processing,
section a printing rate of the generated image data, and
delaying 1n accordance with the obtained printing rate a
start timing of a toner 1image forming by the toner image
forming section,

wherein; the delaying section modifies the start timing of a
present toner image forming by the toner image forming
section a predetermined delaying time when a printing,
rate of image data for the preceding toner image forming
and a printing rate of 1mage data for the present toner
image forming are different from each other, the prede-
termined delaying time being predetermined in accor-
dance with a printing rate of present image data.

2. The mmage forming apparatus according to claim 1,
wherein; in the case where a printing rate ol image data for the
preceding toner image forming and a printing rate of 1image
data for the present toner image forming are equal, the delay-
ing section does not delay the start timing of the present toner
image forming by the toner image forming section when a
toner 1mage forming by the toner 1mage forming section 1s
performed consecutively for the predetermined numbers of
times or lower; and the delaying section delays the start
timing of the present toner 1mage forming a predetermined
delaying time when a toner image forming by the toner image
forming section 1s performed consecutively for more than the
predetermined numbers of times, the predetermined delaying
time being predetermined in accordance with a printing rate
of 1mage data for the present toner image forming.

3. The mmage forming apparatus according to claim 2,
wherein; in the case where a printing rate ol image data for the
present toner image forming 1s a predetermined high printing,
rate, the delaying section performs the delaying process of the
start timing of the toner image forming when the printing
rates are equal.
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4. The image forming apparatus according to claim 1,
wherein; in the case where the printing rates are different
from each other, the delaying section delays the start timing of
the present toner image forming when a printing rate of image
data for the present toner image forming 1s the predetermined
high printing rate.

5. The image forming apparatus according to claim 1,
wherein; the delaying section determines that the printing
rates are equal when the toner 1image forming section forms
toner 1mages on the 1mage bearing member consecutively
based on the same 1mage data generated in the 1mage pro-
cessing section.

6. The image forming apparatus according to claim 1,
further comprising a conveying section for conveying a
recording sheet to a toner 1mage transierring position where
the toner 1mage 1s transierred from the 1mage bearing mem-
ber, wherein; in the case where the start timing of the toner
image forming by the toner image forming section 1s delayed,
the delaying section delays, 1n accordance with the delaying
time, a timing of conveying the toner image to the toner image
transierring position by the conveying section.

7. The image forming apparatus according to claim 1,
turther comprising a plurality of toner image forming sec-
tions for respective colors for a color printing, wherein; in the
case where printing rates of a toner 1image forming section
showing the highest value of a printing rate 1n the preceding
toner image forming and a toner image forming section show-
ing the highest value of a printing rate in the present toner
image forming among the toner image forming sections for
respective colors are different from each other, the delaying
section delays the start timing of the present toner image
forming by the toner 1mage forming sections for respective
colors a predetermined delaying time, the predetermined
delaying time being predetermined 1n accordance with the
printing rate showing the highest value of a printing rate 1n the
present toner 1image forming.

8. The image forming apparatus according to claim 1,
turther comprising a plurality of toner image forming sec-
tions for respective colors for a color printing, wherein; in the
case where printing rates of a toner 1image forming section
showing the highest value of a printing rate 1n the preceding
toner image forming and a toner image forming section show-
ing the highest value of a printing rate in the present toner
image forming among the toner image forming sections for
respective colors are equal, the delaying section does not
delay the start timing of the present toner image forming by
the toner 1mage forming sections for respective colors when
the toner image forming by the toner image forming sections
1s performed consecutively for the predetermined numbers of
times or lower; and the delaying section delays the start
timing of the present toner image forming by the toner image
forming sections a predetermined delaying time when the
toner 1image forming by the toner image forming sections 1s
performed more than the predetermined numbers of times,
the predetermined delaying time being predetermined in
accordance with the printing rate showing the highest value of
a printing rate in the present toner image forming.

9. The image forming apparatus according to claim 7,
wherein the delaying section determines that the printing
rates are equal when the toner image forming sections for
respective colors form 1images on the image bearing member
consecutively based on the same 1mage data generated 1n the
Image processing section.

10. The image forming apparatus according to claim 8,
wherein the delaying section determines that the printing
rates are equal when the toner image forming sections for
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respective colors form 1mages on the 1mage bearing member
consecutively based on the same 1mage data generated 1n the
1mage processing section.

11. The image forming apparatus according to claim 7,
further comprising a conveying section for conveying a
recording sheet to a toner 1mage transierring position where
the toner 1mage 1s transferred from the image bearing mem-
ber, wherein; 1n the case where the start timing of the toner
image forming by the toner image forming section 1s delayed,
the delaying section delays, 1n accordance with the delaying
time, a timing of conveying the toner image to the toner image
transferring position by the conveying section.

14

12. The image forming apparatus according to claim 8,
further comprising a conveying section for conveying a
recording sheet to a toner 1mage transierring position where
the toner 1mage 1s transierred from the 1mage bearing mem-
ber, wherein; 1n the case where the start timing of the toner
image forming by the toner image forming section 1s delayed,
the delaying section delays, 1n accordance with the delaying
time, a timing of conveying the toner image to the toner image

o transterring position by the conveying section.
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